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Classical Respiratory 
diphtheria

Figure 4. The severity of diphtheria in relation to 
diphtheria antitoxin antibody level in 133 patients
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Figure 5. Complications of diphtheria in relation to anti-
diphtheria antibody level in 133 patients.
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Operational targets proposed by WHO  in order to 
achieve diphtheria elimination from the WHO

European Region by year 2000

Coverage: by 1995
95% vaccination coverage of the primary course of 

DTP by 2 years of age
Booster dose for school aged children (4-15 y)

Surveillance 
All countries should have effective surveillance to 

ensure identification of every case  and
laboratories able to differentiate tox+ from tox-

“Diphtheria has gone from a major health 
problem to a medical curiosity within recent 

memory and stands as a shining example of what 
can be accomplished with vigorous public health 

control measures, based on the results of solid 
scientific investigation”

From: R.R. Mac Gregor. Corynebacterium diphtheriae in
Mandel, Douglas and Bennett’s Principles and Practice of

Infectious Disease, 1995, p. 1865
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Aim of the D vaccine potency assay

• Preclinical phase:
Predict immunogenicity of the component  
predict likely value for efficacy in humans

• Production phase: 
Monitor lot to lot consistency

The potency of a vaccine and therefore the
diphtheria antibody levels induced in humans 
depend on

• Content of diphtheria toxoid
• Presence and kind of adjuvant/degree of 

adsorption 
• Presence of other antigens
• Route of administration
• Immunisation schedule
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WHO European Region
Diphtheria cases and Incidence rates
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Source: WHO/UNICEF joint 
reporting form as of 15 June 2004(Kindly supplied by WHO Regional  Office for  Europe)

WHO European Region:
Diphtheria epidemic in the 1990s

Between 1990 and 2001 
•• over 160,000over 160,000 casescases
•• Over 4000Over 4000 deathdeath

Why did diphtheria re-emerge ? 
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Reasons for the reemergence of epidemic 
diphtheria in NIS

• Introduction of a high virulent clone of C.diphtheriae
• Increased children susceptibility 
• Increased adult susceptibility

• Large population movements 
• Highly crowded urban population 
• Socioeconomic instability
• Partial deterioration of health infrastructure
• Delay in implementing aggressive control measures 
• Quality of vaccines  (freezed)      

J Infect Dis (2000) 181 S1

DPT Coverage rates, 3 doses before two years of age
1986-2001
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As consequence of the epidemic
1. European Laboratory Working Group on

Diphtheria (ELWGD) - established in 1993
2. Projects funded by the European Commission 

DGXII
• Microbiological Surveillance of Diphtheria          

Biomed 2 Project 1998-2001 
(Project Leader A. Efstratiou, PHA, UK)

• European Sero-Epidemiology Network
(Project Leader E.Miller, CDSC, UK)
ESEN 1 (1996-1999)
ESEN 2 (2001-2005)

European Sero-Epidemiology Network: 
Objectives

1. to establish comparable methodologies 
for serosurveillance by standardising 
laboratory and epidemiological 
methods

2. to determine standardised age-specific 
antibody prevalence to vaccine 
preventable diseases

3. to identify strengths and weaknesses of 
existing vaccination programmes

Finland
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Italy
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East & West Germany

0%

10%

20%

30%

40%

50%

60%

70%

80%

0 20 40 60 80

age class

%
 s

er
on

eg
at

iv
e

West females
 West males
East females
East males

France

0%

10%

20%

30%

40%

50%

60%

70%

0 20 40 60 80

age class

%
 s

er
on

eg
at

iv
e

females
males

% of seronegatives (<0.01 IU/ml)  for diphtheria 
by age and sex in each of the study countries

Data from ESEN 1 (1996): project leader E. Miller, CDSC, UK
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Susceptibility to diphtheria amongst 
adults in four ESEN countries - 1996
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Data from ESEN 1 (1996)

3,4,5 m. (19 Lf);24 m, 11-13 y; 11y  3,4,5 m. (15 Lf);11m,4y, 9y;4y  3,5,12 m. (25 Lf);5-6 y;7y  

3,4,5 m. (>30 IU);12m,5-6y, 11y;6y  2,3,4 m. (>30 IU); 3-5 y;15y  

3,5,12 m. ( 15 Lf);10 y; D only  2,3,4 m. (>30 IU); 6,11-13,16-18 y;19y

ESEN 1 study showed that
• Vaccination schedule differs in the various countries and 

influences the level of antibodies achieved in the paediatric 
population and therefore, differences in the percentage of
protected subjects

• booster dose at school entry is important
• Vaccine derived immunity to diphtheria decrease with 

increasing age in the absence of boosting
• Differences in the percentage of sero - negatives between 

female and males indicate the relevance of booster doses 
administered to adults 

• The n° of sero - negative adults is likely to increase in the 
future unless booster doses are administered
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N° of diphtheria cases by C. diphtheriae and C.
ulcerans in 1993-2003

3Canada

2Japan

63 + (1) UK

(1)1France 

21+ (1)Italy

C. ulceransC.diphtheriaeCountry

(fatal cases)

Internalization Internalization of nonof non--toxigenic toxigenic C.C. diphtheriaediphtheriae by by 
cultured human respiratory cellscultured human respiratory cells

(Bertuccini, Baldassari and von Hunolstein: Microb Path 2004,  37:111-118)

• Diphtheria is again with us in Western countries

• Mass immunisation used in the past to fight diphtheria 
gave very good results 

but 
the history of the NIS epidemic provides the proof and 
the message on the need for maintaining immunity in 
the population and this can be achieved only by using 
high quality vaccines and suitable immunisation 
schedules, providing adequate booster doses in timely 
intervals.
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Effect of vaccine combination on the potency and
immunogenicity of the diphtheria component (guinea pigs)

DT

DTP
DTaP+
Hib/IPV/HBV

From D. Sesardic et al. : Biologicals (1999) 27, 177-181

DTDT DTP
DTaP+
Hib/IPV/HBV

Diphtheria antibody titres (IU/ml) before booster 
administration and 30 days later by vaccination group

(vaccine potency: DT ≥ 30 IU/SHD, dT ≥ 2IU/SHD)

      
   
Vaccination 
group  

number (%) of individuals with diphtheria antitoxin (IU/ml) 

 <0.01 0.01–0.09 0.1–0.9 11 GMT (95% CI) 

 DT (n = 76)      
Pre-booster 2 (2.6) 37 (48.7)  

 
35 (46.1) 2 (2.6)   0.09 (0.07–0.12) 

Post-booster 0 0 2 (2.6) 74 (97.4) 14.1 (11.8–16.9) 
 

dT (n = 67)      
Pre-booster 1 (1.5)   32 (47.8) 

 
32 (47.8) 2 (3.0) 0.10 (0.07–0.14) 

Post-booster 0   1 (1.5)   
 

5 (7.5) 61 (91.0) 7.7 (5.6–10.5) 

 

From M. Ciofi, Vaccine (2002) 20:74-79
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Effect of vaccine potency on immunogenicity in infants

From D. Sesardic et al. : Biologicals (1999) 27, 177-181

DT DTa5P 

DTwP-USP

DTa2P
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Diphtheria Potency Assay

Ph. Eur.
Methods 
• Three- dilutions assay  
• single-dilution assay
of test and reference by 

Intradermal or Lethal Challenge
Estimated potency
- Unless otherwise justified or

authorized, the LCL of the
estimated potency is not < 30 
IU per SHD

- Adults/adolescents: LCL of the
estimated potency is not < 2
IUper SHD 

- Single dilution: significantly 
higher than the minimum
required

WHO
Methods 
• Three- dilutions assay  
• single-dilution assay 
of test and reference by 
Intradermal or Lethal Challenge or

measurement of antitoxin (Vero
cells assay, ToBI)

Estimated potency
- estimated potency is not < 30 

IU per SHD (95% conf lim.
within 50-200% of estimated 
potency)

- Single dilution: significantly 
greater  than 30 IU per SHD
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Diphtheria potency assay - USP

• Injection of 1/2  total HD into at least 4 guinea 
pigs

• After 4 wk the serum pool must contain at least  2 
AU/ml measured by an in vivo toxin neutralization 
assay

• No reference vaccine is included

Standardization of the results of diphtheria 
antitoxin assays

von Hunolstein et al. : Vaccine (2000)18, 3287
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NIBSC

Development and validation of 
in vitro methods

D. Sesardic, NIBSC, UK

International Symposium:

Budapest, Hungary 6th October, 2004

NIBSC

Scientific basis for introduction 
of in vitro methods

Every worker in biology must know the temptation
to adopt a method because it measures something 
with reasonable precision, without waiting for 
conclusive evidence that what it measures is the 
right thing.

Sir Henry Dale, 1928.

NIBSC

Scientific basis for introduction 
of in vitro methods

• Alternative methods for safety and toxicity must be 
based on understanding the mode of action of the 
pathogenic entity causing the disease.

• Alternative methods for potency must be based on 
understanding of the induction of protective immune 
response. 

D. Sesardic, 

Alternatives to Animals, Langen, Germany  1994
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NIBSC

3R’s & European Pharmacopoeia
Current progress/achievements

• Combining specific toxicity and reversal

• Introduction of single point potency

• Use of same animals for several antigens 

• Use of non-lethal end points

• Replacement of direct challenge with serology for 
T (in progress for D)

• Specific toxicity for diphtheria toxoid

• Consistency tests e.g. antigen content/ degree of 
adsorbtion (under development)

Reduction

Refinement

Replacement

NIBSC

Specific Toxicity: Diph. toxin  
(concentration in µLf causing 50% effect)

Assay model Toxin 1 Toxin 2* Ratio

G. Pig 12,900 42,700 3.2
(s.c.) (n=7)

G. Pig 31.8 168.0 5.3
(i.d.) (n=4)

Vero cells
(n=9) 13.4 40.5 3.2

Sesardic et al., Pharmaeuropa BIO 2003-1

* BRP for DTx for use with monograph 2002:0443
N = no of laboratories

NIBSC

Can serological assays replace animal 
models for protection?

• YES to monitor activity of effective component(s), 
subject to validation, for batch release purposes. 

• NO as “ultimate” replacements

• Evidence of importance of antibody response in protection

• Existence of assays detecting functional/neutralising  Abs

• Evidence of correlation between functional and surrogate 
methods (for relevant vaccines/samples)
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NIBSC

Points considered in designing 
serological assays

• Choice of species
– Relevance, specificity : Mice or g. pigs

• Methods for detection of antibodies
– Relevance, specificity, robustness : ELISA ?

• Immunising dose
– Single, booster, dilution, optimum dose range

• Time post immunisation
– 4 or 6 weeks

• Choice of reference standards/reagents
– Vaccine and assay controls

NIBSC

Species differences in induction of 
immune response

• Guinea pigs provide good model for D & T antigens in 
vaccines because:

Able to cross reference to protection models 
Able to cross reference to WHO International Standards
Most closely relevant to response in humans
Better response to functional epitopes
Less prone to variability due to adjuvant effect
Less prone to variability in combinations
Similar dose response to both antigens

NIBSC

Immunogenicity studies:
Why use g. pigs ?
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NIBSCProtective Ab/dose

Response to B
domain

Sesardic et al., 1993

NIBSC

Increased time post immunisation 
reduces differences between

DT vaccine (1/10 SHD) 
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NIBSC
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Sesardic et al., 
Pharmauropa BIO 2003-2
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NIBSC

Serology: proposed protocol for 
validation

•G. pigs, ≥ 3 doses given once, defined range,
5-6 weeks, because ….

• Relationship between protective response by 
challenge and antibody titre confirmed

• Positive relationship between in vitro and in vivo
assays for  antibodies confirmed

• Suitable dose response for D and T antigens 
confirmed

• Sufficient material for serology of other components 

NIBSC

New generation vaccines will require 
evaluation in protection models
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NIBSC

Why batch release ?

Essential to ensure that vaccines entering 
the clinic are safe and of consistent 
relevant activity.

Are current models adequate or 
sufficiently discriminative to provide this 
information ?
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NIBSC

Safety & consistency considerations
• Specific toxicity and LAL test cannot detect (predict) 

adverse reactions or pyrogenic substances in vaccines.

• Diphtheria toxoid (but not tetanus, aP or IPV antigens) can 
induce high levels of IL-6 in human monocytes.

• Response is donor specific, questioning suitability of animal 
models.

• Vaccine associated with adverse reaction in use showed 
high IL-6 and TNF-α release from PBMNC, high antigen 
content and high degree of non-adsorbed antigens.

• More suitable in vitro assays directed to consistency of 
products are essential.

NIBSC

Role for in vitro antigen assays in QC

• Case for 

• Confirms 
presence/amount of 
relevant antigen, degree 
of adsorption, 

• Detects antigenic toxoid

• More discriminative 
then potency assays 
between products

• Case against

• Depends on amount of 
antigen desorbed, age 
of vaccine and specific 
reagents

• Will not always correlate 
with protection 

• Antigenic toxoid is not the 
only component inducing 
protective response

NIBSC

Antigen assay correlates with 
Antibody response

Stability of Tetanus Component
in DT Vaccine after 12 weeks
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NIBSC

Antigen assay: more discriminative 
than in vivo assays of final fills
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Conclusions

Considerable progress in 3R’s achieved which led to 
changes of EP monographs.

Validation study, to replace direct challenge assay with 
serology, was designed for currently licensed vaccines. 
Protection models will be required for new generation 
products.

There is a need for new in vitro tests to provide more 
discriminative information on product profile and 
consistency of production.

NIBSC

• Novel biomarkers for toxicity and response
• Deeper understanding of basic biology of 

immune response and CMI
• Genetic heterogeneity

What information 
is needed for “ultimate”

replacement ?

NIBSC
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Antigen content in combined vaccines
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Biological Standardisation Programme (BSP034):

Evaluation of serological assays for
diphtheria potency testing in combined

vaccines

Randi Winsnes

International Symposium, Budapest 6-7 October 2004

Organiser: EDQM

Statens legemiddelverk
 Norwegian Medicines Agency

BSP034:     January 2001 – August 2004

n Project leaders:

 R. Winsnes (NoMA) & D. Sesardic (NIBSC)

n Statistician:
A. Daas (EDQM)

n EDQM Administrator Responsible:
 M-E. Behr-Gross

(Authors of BSP034 Phase III:  Winsnes, Sesardic, Daas, Behr-Gross)

Aim of the study: Contribute to the 3 Rs
proposed by Russell and Burch 1959 and
adopted by EU in 1986

–  Replacement: yes, but not of animal assays

–  Reduction: by exploring the possibility of considerably
reducing the number of animals used for potency
determination of D and T toxoid- containing vaccines:
v antiserum from same animals for D and T potency
v  single-dilution assays?

– Refinement: by validating serological assays to replace the
in vivo direct challenge Ph. Eur. potency methods
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Guinea pigs chosen as the species for
immunisation because:
n used in Ph. Eur. potency methods and in validation of T potency

assays

n mice show great strain differences in serological responses to T toxoid,
in particular when wP or Hib components are present, whereas gps
seem to show less strain differences

n mice are insensitive to D toxin

n gps, in contrast to Balb/c and NIH strains of mice, have a similar
response to fragment B of D toxin, harbouring the receptor binding
domain, as man

n gps may thus provide comparable information regarding
immunogenicity of vaccines as in clinical trials

n gps provide more serum than mice, making it possible to assess many
vaccine components

        Phase  I:     Prevalidation performed in 2 labs

n to verify protocols and select vaccine dilutions for optimal  immunological
responses for potency testing by challenge and serological methods.

n Results:

– Comparable D potency estimates by intra-dermal challenge assay, Vero
cell assay and D-ELISA for 4 vaccines of different D potencies (range ca.
10-100 IU/dose):

v Td

v  DTaP

v  DTwP  (giving lowest correlation between challenge and serology
methods)

v DTaP-IPV-Hib

Indication that sera from same gps may be used for D and T potency.

(r):    challenge  – Vero cell assay     ~     challenge – D-ELISA

Phase I: observation regarding standard in Vero
cell assay

n Gp antitoxin reference gave ca. 32 times higher titres of the gp serum
samples compared to WHO horse antitoxin standard. As gp reference
was calibrated in terms of WHO standard by in vivo toxin neutralisation
method, these results confirmed the need for a species specific
reference
–  not changing vaccine potency
–  impact on comparison with human serology studies where the

equine standard was used?

n The study was therefore extended to include titration of serum pools by
in vivo TNT and Vero cell assay (Pharmeuropa Bio 2003-2, 69-75) to
investigate the extent to which Vero cell and D-ELISA can detect
neutralising antibodies:
– Vero cell assay, with GP or DI standard, correlated to TNT in gps.

Titres were lower using DI standard compared to using GP ref.
– D-ELISA with the GP ref. and D toxoid as coating ag. also provided

D antibody titres correlated to TNT
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Phase II vaccines

 5446IIDTaP-IPV

89 (without
Hib)

57 (without Hib)I/IIDTaP-IPV-HIB

33792I/IIDTwP

33750IDTwP

11458IDTaP

14010I/IITd

Provided T
potency

(IU/dose)

Provided D
potency

(IU/dose)

PhaseVaccine

composition

Phase II:  Validation of Vero cell and D-ELISA in additional 5 labs

(4 labs. performed lethal challenge and 1 lab. intra-dermal challenge assay)

n All labs. performed Vero cell assay and ELISA for D

n The correlation coefficient (r) between Vero cell assay and D-ELISA ranged
from 0.76 to 0.91

n Correlation between D serological assays and lethal challenge assays was
satisfactory as ca. 90% of serum-estimates lead to correct prediction of
mortality

n All labs. had identical ranking of the vaccines in both serological assays and in
the valid challenge assays

n Ranking order was identical to provided potency for highest and lowest vaccine

Phase I/II study results

n DTaP vaccines containing  IPV did not always meet Ph Eur requirements for D
in the serological assays

n As the vaccine doses were optimised for the D component, serum anti-T
toxoid/toxin activities varied widely between vaccines, making it difficult to
apply a parallel line model to calculate potencies

n However, the dose levels used showed a clear regression and good linearity in
general

n Considerably smaller effect of Hib on anti-T response than reported for mouse
challenge assays  was observed

n Differences between T-ELISA and ToBI assays in detecting abs to T
toxoid/toxin in Hib-containing combined vaccines requires further investigation
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Phase III  -  Diphtheria toxoid in combined vaccines

n Repeatability of D-ELISA superior to that of Vero cell assay – a factor
of 1.39 and 1.23 between 2 assays, respectively

n Reproducibility also better with D-ELISA

n Increasing interval between immunisation and bleeding narrows
differences between functional and non-functional antibody response to
D component

n Differences between Vero cell and D-ELISA cannot be explained by the
number of vaccine components

n DTaP + IPV +/- Hib vaccines showed less agreement between
methods than the other vaccines, containing:

– DT, tD,

– DTaP-HepB-IPV

– DTaP-HepB-IPV-Hib

Phase I + II + III

n Phase I: comparable D potency estimates in Ph. Eur. direct challenge
assay and in Vero cell assay

n Extended Phase I: D-ELISA appeared to be somewhat more accurate
than Vero cell assay in predicting TNT potency when using the GP
standard, but in that study the Vero cell assay gave higher ab titres
than D-ELISA

n Phase II: both Vero cell assay and D-ELISA  are able to rank vaccines
according to potency and both seem suitable for routine batch release

n Phase III: Repeatability and reproducibility of both Vero cell assay and
D-ELISA deemed acceptable
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Vaccine reference necessary

    Although antibody titres generated in guinea  pigs
can be different for the same vaccine type and dose
when immunised in 2 different labs., the vaccine
potency will not be different as long as responses to
the reference and test vaccine are equally affected
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Introducing serological methods:
What is needed for a specific

vaccine?

Randi Winsnes

International Symposium, Budapest 6-7 October 2004

Organiser: EDQM

Statens legemiddelverk
 Norwegian Medicines Agency

BSP035 + BSP019:  1996 - 2000*

BSP034:      2001 – 2004**

n Project leaders:

– *   R. Winsnes (NoMA) & C. Hendriksen (RIVM)
– **  R. Winsnes (NoMA) & D. Sesardic (NIBSC)

n The studies were performed under the aegis of the Biological
Standardisation Programme of EDQM and supported by:

– Council of Europe
– The European Commission
– * the European Centre for the Validation of Alternative

Methods of the European Commission (ECVAM/IHPC/JRC)

General design of the T & D studies on validation
of alternative serological methods to Ph. Eur.
challenge procedures:

n Phase I:
– to verify protocols and select the optimal vaccine dilutions for

immunisation of gps that would allow potency testing by challenge
and serological methods

– to assess the correlation between potencies obtained in the Ph. Eur.
direct challenge assays and in the serological assays

– to examine correlation of serology with in vivo TNT

n Phase II:
– to confirm results of Phase I (- TNT) in additional laboratories

n Phase III:
– to assess reliability of serological assays by obtaining information on

repeatability and reproducibility
– to evaluate protocol transfer
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Guinea pigs chosen as the species for
immunisation because:

n used in Ph. Eur. potency methods and in validation of T potency assays

n mice show great strain differences in serological responses to T toxoid, in
particular when wP or Hib components are present, whereas gps seem to
show less strain differences

n mice are insensitive to D toxin

n gps, in contrast to Balb/c and NIH strains of mice, have a similar response to
fragment B of D toxin, harbouring the receptor binding domain, as man

n gps may provide comparable information regarding immunogenicity of
vaccines as in clinical trials

n gps provide more serum than mice, making it possible to assess many
vaccine components

Collaborative studies for the validation of
serological methods for potency testing of
tetanus toxoid vaccines for human use has
already resulted in:

n An additional Ph. Eur.  method:

“METHOD C. Determination of antibodies in guinea-
pigs”

n and a new Ph. Eur. guidelines:

“Assay of tetanus vaccine (adsorbed): guidelines”

2.7.8/2.7.6 ASSAY OF TETANUS/DIPHTHERIA
VACCINE (ADSORBED)

n The potency of tetanus/diphtheria vaccine is
determined by administration of the vaccine to
animals (guinea-pigs or mice) followed either by
challenge with tetanus/diphtheria toxin (method A or
B) or by determination of the titre of antibodies
against tetanus/diphtheria toxin/toxoid in the serum of
the guinea-pigs (method C).

n In both cases the potency of the vaccine is calculated
by comparison with a reference vaccine, calibrated in
International Units.
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The method chosen for assay of
tetanus/diphtheria vaccine (adsorbed) depends
on the intended purpose

n Method A and B is used:

1. During development of a vaccine, to assay
batches to validate production

2. Wherever revalidation is needed following a
significant change in the manufacturing process

Method A and B may also be used for routine assay of
batches, but in the interest of animal welfare,
method C is used wherever possible

The method chosen for assay of
tetanus/diphtheria vaccine (adsorbed) depends
on the intended purpose

Method C may be used, except as specified under 1 and
2 in previous slide, after verification of the
suitability of the method for the product

n For this purpose, a suitable number of batches (usually 3) are
assayed by method C and method A or B

n Where different vaccines (monovalent or combinations) are
prepared from tetanus/diphtheria toxoid of the same origin,
suitability demonstrated for the combination with the highest
number of components can be assumed to be valid for
combinations with fewer components and for monovalent vaccine.

n For combinations with a wP component, a separate demonstration
of equivalence must be made for the highest combination

Single dilution for test and reference
vaccine

n Based on the potency data obtained in multi-dilution assays, it may
be possible to decrease the number of animals needed to obtain a
statistically significant result by applying a simplified model using a
single dilution for both test and reference vaccine.

n A single dilution test is suitable where test vaccine is significantly
more potent than the minimum required, but does not give
information on the dose-response curves and their linearity,
parallelism and significant slope.

n The simplified model may lead to a considerably reduction in the
number of animals required.
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Where a single-dilution assay is
used:

n Production and test consistency over time are
monitored via suitable indicators and

n By carrying out a full multiple-dilution assay
periodically, e.g. every 2 years

Suitable indicators to monitor test
consistency for serological assays:

n Mean and standard deviation of relative antibody
titres or scores of the serum samples obtained after
administration of a fixed dose of the vaccine
reference preparation

n Antibody titres or scores of run controls (positive and
negative serum samples)

n Ratio of antibody titres or scores for the positive
serum control and the serum samples corresponding
to the reference vaccine

METHOD C: Determination of antibodies in
guinea-pigs

– Guinea-pigs 250-350 g: at least 6 equal groups + 1 non-vaccinated
group for ref. neg. ctr. serum, if necessary

– Reference vaccine necessary

– At least 3 dilutions/vaccine; 1 dilution to each group of gps

– Inject subcutaneously in the nape

– Blood sampling 35-42 days after immunisation

– Preparation of serum samples

– Determination of antitoxin/antibody titre/score of each serum
sample by a suitable immunochemical method (e.g. ELISA,
ToBI/Vero cell assay)

– Calculation of potency
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Calculation of potency

n Calculate the potency of the vaccine to be examined
in International Units relative to the reference
vaccine.

n NOTE:    International Units of potency refer to the
reference vaccine and not to the International Units of
antitoxin of the reference guinea-pig serum

Requirements for a valid assay
n The test is not valid unless:

– CLs (P=0.95) are not less than 50% and not more
than 200% of the estimated potency

– the statistical analysis shows significant slope and no
deviation from linearity and parallelism of the dose-
response lines (alternatives see ch. 5.3 if significant
deviations)

– The test may be repeated, but when more than 1 test
is performed, the results of all valid tests must be
combined in the estimate of potency

Assay of tetanus/diphtheria vaccine
(adsorbed) guidelines

n Method C: Determination of antibodies in guinea-pigs
– Preparation of serum samples

v a suitable technique described

– Determination of antibody titre

v Titre in guinea-pig serum by ELISA

v   “     “       “      “        “         “ToBI (toxin/toxoid-BI)/Vero cell assay

For both methods:

v A positive and a negative serum control on each plate to monitor
assay performance

v Suitable reagents and equipment described

v Example of a suitable plate lay-out described


